Abstract-This paper proposes a method for optimal placement of DG based on intelligent optimization technique namely particle swarm optimization (PSO). Electrical system loss is used as an index of the proper location and sizing considering the DG bus voltage limit. The results show a significant reduction in power losses and considerable voltage improvement of the IEEE-30 bus test system.
INTRODUCTION
Distributed source is a new challenge and expected to become more important in future generation systems. One of the most effective and useful methods in reducing the power losses of distribution networks is utilization of optimal DG which can release power capacity for existing or expanding loads, decrease power system losses and improve voltage profile at the load nodes. However, the DG size and allocation should be properly considered, if else they can cause degradation of power quality, reliability, and control of the utility system [1] .
DG allocation studies are relatively new, unlike capacitor allocation. The optimum DG allocation can be treated as optimum active power compensation, similar to capacitor allocation for reactive power compensation. The contribution of DG in some European countries has reached 37% and 40%, respectively, as a result of liberalization of power market in Europe [2] . The beneficial effects of DG mainly depend on its location and size. Therefore, the optimal selection of DG location and sizing has a great effect on a system performance in terms of power losses, voltage profile, system stability and reliability. The installation of a DG unit at a non-optimal place and sizing will result in increased system losses and increased operational cost. This issue is a necessary process to maintain the stability and reliability of existing system effectively before DG is connected to a power grid. Currently, the systematic and cardinal rule for solving this problem is still an open question [3] .
For a large distribution system, the selection of the best places for installation and the preferable size of DG units is a complicated optimization problem [4, 5] . Artificial intelligence have shown great promise as new techniques for solving critical problems in deferent engineering fields where the heuristic methods have not achieved the desired speed and accuracy. This paper analyzes the impact of the DG installation on the performance of the distribution network and its parameters such as voltage, active and reactive power loss. Particle swarm optimization is used to find the optimal location by minimizing the fitness function of total system loss which is formulated based on classical line flow constraints of the test system. Newton Raphson method [6] was utilized to solve the power flow problem and the criterion of optimal location is measured base on the system loss and voltage nodes at the base case condition. The cost of DG and the other associated benefits have not been considered while solving the location problem. The work is organized as follows; in section 2, the problem formulation is presented and the approach for optimal allocation of DG is outlined. Results and conclusion are given in section 3 and 4 respectively.
II. INTELLIGENT APPROACH FOR OPTIMAL DG PLACEMENT
Particle swarm optimization is a population based evolutionary algorithm. In PSO, candidate solutions, called particles, are associated with a velocity and a position. The particle velocity is constantly adjusted according to the experience of the particles and its companions. p represents p best position of particle i , i.e., the best position of the particle in the current iteration, and gd p denotes the g best position of the particle i , i.e., the best position of the particle up to the present iteration. i w is weight function for velocity of particle i [7, 8] .
Transmission and distributions losses constitute a major portion of system losses. Even though the losses cannot be completely removed, but they can be brought down to an acceptable value. Since the purpose of DG is to minimize the total active power loss, the loss optimization has been formulated based on classical line flow constraints and for a given power system network, the fitness function that should be minimized is written as,
where, F is the optimal total loss of the system, ) ( DGi P f is the total loss due to the injected th i DG in the system, DG N is the total number of DG connected in the network.
The problem to be solved consists on determining the optimal location of a DG and the objective function takes into consideration the active power loss in the transmission network, which is described by the following power balance constraints, The inequality constraint on reactive power generation Gi Q of each generator,
The output data obtained from the load flow are processed and used to check the voltage limit for all buses and the total system loss. The algorithm of this approach is presented in the flowchart as given in Figure 1 . PSO is used to decrease system loss by placing the DG at sensitive nodes.
A sensitive node is the one associated with the large loss of the system. The replacement should be repeated until there is no more loss reduction taking in to account that the voltage constraint is satisfied and that there are no violations in the value of voltage. In the PSO method, the algorithm is searching the best value of DG according to the desired rang and minimum power loss considering voltage limit. For PSO parameters like generation and population, they can be adjusted in the range of 100 and 200 respectively. As seen from the results presented in Table 1 , PSO is more flexible method in terms of offering different selection for DG size and location. Refereeing to Figures 2 and 3 , it is noted that locating a DG with non-optimal sizing will increase rather than decrease system loss but the voltage is still in the acceptable limit. In general, from the obtained results, one can conclude that by placing DG of optimum size at optimum location, significant reduction in loss can be achieved. Voltage profile improvement, reduction in thermal capacity of the main feeder and better voltage regulation are some consequent results apart from power quality and reliability improvement.
IV. CONCLUSION
Determination of DG location and sizing using improved method is presented in this paper. Comprehensive power flow analysis has been developed for a fast calculation of power losses, voltage profile and power limit. PSO was used to find the optimal DG location on the IEEE-30 bus test system with generator ramp-rate limits and transmission line constraints. Results show that the intelligent optimization is a robust with a high speed and accuracy. Therefore, PSO is capable of determining the proper placement of DG. However, it requires more computing time for a large size test system. This is not a great concern since DG is usually a planning problem. Finally, studies have indicated that inappropriate selection of location and size of DG, may lead to greater system losses than the losses without DG. A future work needs to be carried out to find a developed index to reduce the search time process of the sensitive nodes.
